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WHAT IS CLAIMED IS: 

1. An integrated fuel cell stack and catalytic combustor apparatus, comprising: 

a fuel cell stack assembly having multiple fuel cell stacks between which is defined a 

cavity; 

each of said fuel cell stacks including a plurality of individual fuel cells; and 
a catalytic combustor disposed at least partially within said cavity, said catalytic 
combustor having a catalytic bed and a catalytic igniter. 

2. The apparatus of claim 1, further comprising a fuel flow channel defined in space 
between said catalytic combustor and said fuel cell stacks. 

3. The apparatus of claim 1, further comprising a cathode air profiling manifold 
disposed around said fuel cell stacks. 

4. The apparatus of claim 1 , wherein said air profiling manifold comprises an outer 
skin and an inner profiling skin having a plurality of holes. 

5. The apparatus of claim 4, wherein said air profiling manifold is further defined by 
an intermediate profiling skin disposed between said inner and outer skins. 

6. The apparatus of claim 4, further comprising an oxidant manifold fluidly coupled 
to said air profiling manifold. 

7. The apparatus of claim 6, further comprising a fuel manifold in fluid 
communication with said fuel channel and wherein said oxidant manifold and said fuel 
manifold are coupled to a proximal end of said fuel cell stack assembly. 

8. The apparatus of claim 7, further comprising a flame arrestor in fluid 
communication with distal end of said fuel cell stacks to said catalytic combustor. 
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9. The apparatus of claim 8, further comprising an excess cathode air router coupled 
to said distal end of said fuel cell stacks. 

10. The apparatus of claim 1, wherein said catalytic comhustor further comprises a 

shell. 

11. The apparatus of claim 10, further comprising a plurality of pass through holes 
defined in said shell of said catalytic combustor. 

12. The apparatus of claim 11, wherein said catalytic combustor further comprises 
catalytic flow channels defined in said catalytic bed between a distal end and a proximal end 
of said catalytic combustor. 

13. The apparatus of claim 1 , wherein said catalytic bed comprises catalytic beads. 

14. The apparatus of claim 1 , wherein said catalytic bed has a catalytic profile varying 
between a higher catalytic coefficient at a distal end of said catalytic combustor and a lower 
catalytic coefficient at a proximal end. 

15. The apparatus of claim 14, further comprising an exhaust coupled to a proximal 
end of said catalytic combustor. 

16. The apparatus of claim 1 , wherein said fuel cells comprise solid oxide fuel cells. 

17. The apparatus of claim 1 , wherein said fuel cell stacks comprise a substrate of 
porous material. 

18. The apparatus of claim 17, wherein said porous material comprises a ceramic. 
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19. An integrated fuel cell stack and catalytic combustor assembly, comprising: 
a frame; 

at least one integrated fael cell stack and catalytic combustor coupled to said frame, 
comprising a fuel cell stack assembly having opposing fuel cell stacks and wherein is defined 
a cavity; 

each of said fuel cell stacks including a plurality of individual fuel cells each having 
an anode, a cathode, and an electrolyte; 

a catalytic combustor disposed at least partially within said cavity such that a fuel 
channel is defined in a space between said catalytic combustor and said fuel cell stacks, and 
wherein said catalytic combustor includes a catalytic bed and a catalytic igniter; and 

an excess cathode air router coupled to a proximal end of said fuel cell stack 
assembly. 

20. The assembly of claim 19 wherein said frame comprises an upper member, a 
lower member and a transverse member coupling said upper and lower members. 

21 . The assembly of claim 20, wherein said lower member further comprises a fuel 
manifold, an oxidant inlet, and an exhaust manifold; and a proximal end of said fuel cell stack 
assembly is coupled to said lower member. 

22. The assembly of claim 21, wherein said upper member further comprises an 
excess cathode air manifold in fluid communication with said excess cathode air router. 

23. The assembly of claim 22, wherein said transverse member comprises an excess 
cathode air return tower fluidly coupled to said excess cathode air manifold. 

24. The assembly of claim 19, further comprising an igniter wire assembly coupled to 
said catalytic combustor. 

25. The assembly of claim 24, further comprising a plurality of integrated fuel cell 
stack and catalytic combustors coupled to said frame. 
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26. The assembly of claim 25, in which said igniter wire assembly, said excess 
cathode air router, a non-active ceramic portion of said integrated fuel cell stack and catalytic 
combustor, said catalytic core, and said cathode air profiling skin provide electrical routing 
from the cells out while still allowing said cathode air profiling skin to surround a 
electrochemically active surface. 

27. The assembly of claim 26, wherein said frame acts as ground to complete said 
electrical routing. 

28. The assembly of claim 25, wherein said anodes of said fuel cells are disposed 
along an interior of said fuel cell stack assemblies. 

29. The assembly of claim 25, wherein each of said integrated fuel cell stack and 
catalytic combustors further comprises a cathode air profiling manifold disposed around a 
fuel cell stack assembly. 

30. The assembly of claim 29, wherein each of said air profiling manifolds comprises 
an outer skin and an inner profiling skin configured to direct cathode air to a cathode air 
channel along a length of said fuel cell stack assembly. 

3 1 . The assembly of claim 30, wherein each of said air profiling manifolds further 
comprises an intermediate profiling skin disposed between said inner and said outer skins. 

32. The assembly of claim 3 1 , wherein each of said cathode air channels introduce 
cathode air to said cathodes. 

33. The assembly of claim 32, wherein each of said integrated fuel cell stack and 
catalytic combustors further comprise fluid flow through conduits defined in a distal end of 
said catalytic combustor for fluidly coupling said catalytic combustor and said cathode air 
channel. 
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34. The assembly of claim 33, wherein each of said integrated fuel cell stack and 
catalytic combustors further comprises a flame arrestor coupled to a distal end of said 
catalytic combustors. 

35. The assembly of claim 19, wherein said catalytic bed comprises catalytic beads. 

36. The assembly of claim 19, wherein said catalytic bed has a catalytic profile 
varying between a higher catalytic coefficient at a distal end of said catalytic combustors and 
a lower catalytic coefficient at a proximal end. 

37. The assembly of claim 20, further comprising a current collection assembly 
coupled to said upper member. 

38. The assembly of claim 37, wherein said current collection assembly comprises 
electrical interconnects coupled to distal ends of said integrated fuel cell stack and catalytic 
combustor. 

39. The assembly of claim 38, wherein said current collection assembly further 
comprises positive power stack collectors coupled to said electrical interconnects. 

40. A method of producing electricity, comprising: 

electrochemically reacting an oxidant and a fuel across fuel cell stacks, thereby 
establishing a temperature profile along said fuel cell stacks; and 

catalytically combusting surplus reactants of said reaction to normalize said 
temperature profile. 

41. The method of claim 40, further comprising performing said catalytic combusting 
with a catalytic combustor disposed at least partially between said fuel cell stacks. 
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42. The method of claim 40, further comprising flowing an oxidant over cathodes 
disposed on an exterior of said fuel cell stacks and flowing a fuel over anodes disposed on an 
interior of said fuel cell stacks. 

43. The method of claim 42, wherein said flowing an oxidant and said flowing a fuel 
comprise flowing said oxidant and said fuel in substantially the same direction over said fuel 
cell stacks. 

44. The method of claim 43, wherein said catalytic combusting comprises flowing the 
surplus reactants of said reaction in a direction counter to said direction of flow of said fuel 
and said oxidant. 

45. The method of claim 43, further comprising withdrawing excess cathode air from 
said surplus reactants. 

46. The method of claim 40, further comprising regulating air flow to cathodes along 
a length of said fuel cell stacks with a cathode air profiling manifold. 

47. The method of claim 41, further comprising modulating the rate of said catalytic 
combustion along a length of said catalytic combustor. 

48. The method of claim 47, wherein said modulating comprises providing a catalytic 
bed having a graduated packing bead profile. 

49. The method of claim 40, further comprising delivering electricity from said fuel 
cell stacks. 

50. A fuel cell system, comprising: 

means for conducting an electrochemical reaction; and 
means for normalizing a temperature profile along a length of said means for 
conducting an electrochemical reaction. 
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5 1 . The system of claim 50, wherein said means for normalizing a temperature profile 
comprises means for catalytic combustion. 

52. The system of claim 50, farther comprising means for profiling a cathode air 
stream to be introduced to said means for conducting an electrochemical reaction. 

53. The system of claim 52, further comprising means for withdrawing an excess 
portion of said cathode air stream. 

k ^V* 1 The system of claim 50, further comprising means for arresting a flame coupling 



said means for conducting an electrochemical reaction and said means for normalizing. 



£ 3 . Jifif'The system of claim 50, wherein said means for conducting an electrochemical 
reaction further comprise fuel and oxidant introduction means and exhaust means. 

£ U ^The system of claim 50, further comprising means for facilitating thermal 
expansion of said means for conducting an electrochemical reaction. 



20 



